Objectives-Sonographic evaluation of the palate is a difficult task, and most palatine clefts are diagnosed in the neonatal period because of the limitations of 2-dimensional (2D) sonography. The objective is to describe a sonographic technique based on 2D markers for screening of palatine clefts during the nuchal translucency scan and to assess the ability of 3-dimensional (3D) sonography in imaging the normal and abnormal palate.
There are many known genetic syndromes with the association of median cleft palate (CP), which makes evaluation of the palate necessary to diagnose its recurrence. [4] [5] [6] The overall detection rate for facial clefts was only about 65% in a study by Cash et al, 7 and with the use of 3-dimensional (3D) sonography, Maarse et al 8 quoted detection rates of 86% to 90% for CLP and 0% to 89% for CP only in high-risk women. Threedimensional sonography has been reported to improve the visualization of the secondary palate, yet detection rates for isolated CP quoted are very minimal in literature. [8] [9] [10] Berg e et al 11 documented that the highest rate of chromosomal abnormalities of around 82% was found in fetuses with median clefts. Hence, there is a need to Figure 1 . Salient landmarks to be evaluated in sagittal, axial, and coronal views in normal and in various palatine clefts.
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develop an effective screening method for detecting palatine clefts, and it would be ideal if this process could be done earlier in the 11-to 14-week period when chorionic villus sampling can be done for genetic assessment. As palatal fusion is completed by 11 weeks' gestation, evaluation of the palate can effectively be done for fetuses with a crown-rump length of greater than 50 mm.
Materials and Methods
A prospective study was done over 2 years from September 2012 to September 2014 in women referred to us for first-trimester aneuploidy screening. A total of 2014 fetuses with a crown-rump length measuring between 50 to 84 mm were included in this study. Informed consent was obtained in all cases, and the study was approved by the local Ethics Committee. The examination was performed by a single investigator (S.R.L) using Voluson 730 pro and Voluson E8 ultrasound systems (GE Healthcare, Zipf, Austria). Sonographic evaluation of the face and palate was done by both transabdominal and transvaginal routes in all cases.
The 2-dimensional (2D) markers taken into consideration for screening were an intact palatal line in the sagittal view, continuity of the alveolar ridge of the maxilla in the axial view, and complete base of the retronasal triangle in the coronal view ( Figure 1 ). All cases with a suspicion of a cleft on 2D sonography (Table 1 and Figures 2 and 3) were followed by 3D evaluation of palate. To ascertain the feasibility of evaluating the palate with 3D imaging, additional volumes were also taken for 100 consecutive fetuses without abnormalities, and the palate was assessed offline. All cases included in this study were followed by second-trimester anomaly scan and were evaluated postnatally or by autopsy in cases with associated abnormalities in which parents opted for termination. Of 2014 cases, 42 were excluded from the study, as postnatal confirmation was not available even though the first-trimester and anomaly scan results were normal in these cases. Volume acquisition of the fetal face was done in the midsagittal view after adequate magnification of the fetal face. All 3D data sets were obtained with a mechanical transducer using a 50 to 60 degree sweep from one side of the face to the other using optimized sonographic settings, and offline analysis was done. The 2D markers were confirmed by multidimensional imaging in 3 orthogonal planes ( Figure 4A ). The sectional anatomy of the palate was assessed with tomographic ultrasound imaging (TUI) and the OmniView technique. ( Figure  4B ). Rendering of the palate was done by using the flipped face technique described by Platt et al. 12 The acquired volume was rotated to obtain a facial image, as shown in Figure 4C ; the size of the rendering box was decreased; and the box was placed over the hard palate with the green line on the undersurface of the palate, as shown in Figure 4D . The anatomic landmarks of the fetal palate described by Faure et al 13 can be appreciated in the rendered image, as shown in Figure 4F .
Results
Fourteen fetuses with palatine clefts were identified during the study period. A brief illustration is given in Figure  5 , and a detailed description of the 14 cases is given in Table 2 . The suspicion was initially raised on 2D imaging (Table 1) , and in all 14 cases with positive markers, confirmation of the type and extent of the cleft was done by 3D evaluation. Two-dimensional assessment of palate was possible in all of the cases studied, whereas 3D evaluation of the palate was possible in 94 data sets of the 100 stored volumes. Six of the volumes did not yield good results because of maternal obesity, as the overall image quality was poor. No additional cases of palatine clefts were identified in the follow-up anomaly scans and later in postnatal evaluations. There were no false-positive results reported. A single case of a bifid uvula was missed. Postnatal evaluation findings were in agreement with the prenatal sonographic findings in all of these cases.
The salient features diagnostic of integrity of the palate on 2D imaging were an intact palatal line, continuity of the alveolar ridge, and complete base of the retronasal triangle. The most relevant information that led to the suspicion of palatine clefts is shown in the Table 1 (to be correlated with the line diagrams in Figure 1 ). The soft tissue of the upper lip can also be assessed in all 3 planes for clefting, but the bony landmarks serve better in detecting clefts at this gestational age.
The emphasis of the palatal line in the sagittal view is shown in Figure 2 . Figure 2A depicts the palatal line with fluid in the oral cavity. However, even without fluid in the oral cavity, the intact palatal line can be imaged, as in Figure 2B . The continuous palatal line is seen when the palate is intact and is formed by fusion of the primary and secondary palates; the secondary palate merges with the vomer bone in the midline. The palatal line is superimposed by the vomer bone in its posterior part, as shown in Figure 2B . In palatine clefts, only a portion of the palate is imaged, and the palatal line is either shortened, interrupted or absent depending on the type of cleft (Figure 2 ). The premaxillary portion of the palate and the vomer bone is seen as two separate segments leading to interruption of the palatal line in clefts involving the secondary palate. However, sometimes an artifactual small gap can be seen in healthy fetus at the proximal junction of the superimposed vomer bone with the secondary palate ( Figure 6B ). This gap is due to shadowing from the proximal edge of the vomer bone and is seen in the anterior one-third region of the palatal line. Transabdominal and transvaginal images in the same case (crown-rump length of 60 mm) with and without an artifactual gap are shown in Figure 6 .
Disruption of the alveolar ridge is usually considered one of the diagnostic markers of a palatine cleft, [14] [15] [16] and Figure 3A illustrates the normal intact palate in the axial view and a defect of the alveolar ridge in unilateral and median CP (Figure 3 , B and C). Figure 3D depicts the appearance of a normal palate in the axial plane in the section described earlier by Wilhelm and Borgers 17 to look for "the equals sign." The palate is seen as an echogenic structure within the alveolar ridge, and the vomer bone of the nasal cavity is not visible in this plane when the secondary palate is intact. Figure 3 , E and F, illustrates bilateral CLP without and with secondary palate involvement, respectively. The base of the retronasal triangle in the coronal view is formed by the palate, as described by Sepulveda et al 18 ( Figure 3G ). This sign can be used to assess for defects of the secondary palate, as illustrated in Figure 3 , H and I.
The stored 3D data sets were first used to assess the sectional anatomy of the palate. The secondary palate is seen as an echogenic structure within the curved alveolar ridge (Figure 4) . The 2D markers in all 3 planes were (Figures 7-11) , and then rendering could be done (Figures 12 and  13) . When the secondary palate is deficient in the midline (in bilateral CLP, median CLP, and median CP), the vomer bone is seen in the midline in the rendered image ( Figures 9F, 10E, and 11H) . The 2D markers in the abnormal cases that prompted 3D evaluation are illustrated in Table 3 .
In unilateral CLP, the midsagittal view appears normal, but the defect is evident in the parasagittal view ( Figures 2E and 7) . Two-dimensional and 3D images in a case of unilateral CLP with a crown-rump length of 74 mm are shown in Figure 7 . Bilateral CLP is identified by the presence of premaxillary protrusion 19 in the sagittal view, which serves as the initial clue ( Figure 8A ). Figures  8 and 9 illustrate bilateral CLP with an intact secondary palate and involving the secondary palate, respectively. The vomer bone is not visible in the axial plane ( Figure   8B ), and the base of the retronasal triangle is intact in the coronal plane ( Figure 8C ), indicative of an intact secondary palate. The midsagittal view is often misleading in bilateral CLP involving the secondary palate, as the vomer bone in the midline is mistaken for an intact palate ( Figure 9A ). The vomer bone is visualized in a slightly superior plane, and the defect caudal to the premaxillary protrusion is shown in Figure 9B . Tomographic ultrasound imaging depicts the vomer bone in the midsagittal plane with complete absence of the palatal line in the parasagittal view in a cleft involving the secondary palate ( Figure 9E) .
In median CLP, the midsagittal view shows foreshortening of the palatal line with absence of the premaxillary portion, and the distal portion is formed by the vomer bone ( Figure 10A ). Figure 10C depicts absence of the base of the retronasal triangle, and Figure 10D shows complete absence of the palatal line in sagittal sections on TUI. The initial and the only clue to diagnosis of median CP is the sagittal view, which shows absence of the palate posterior to the premaxilla and hence shortening of the palatal line ( Figure 11, A and  B) . The alveolar ridge and retronasal triangle appear normal. Tomographic ultrasound imaging in Figure 11C depicts absence of the palatal line caudal to the alveolar ridge (compare with TUI of a normal palate in Figure  11D ). Tomographic ultrasound imaging is an excellent tool in assessing isolated CP, as the secondary palate is deficient in sections posterior to the retronasal triangle, as shown in Figure 11E (compare the normal sections of the retronasal triangle in Figure 11F ). Amniotic band syndrome causes bizarre atypical clefts that do not correspond to any anatomic pattern. Figure 14 depicts images of an atypical cleft in amniotic band syndrome, where only the distal posterior portion of the palate remains.
Discussion
Screening for palatine clefts starts with a good 2D assessment of bony landmarks of the palate. The sagittal, axial, and coronal views are complementary to each other in suspecting CP, which would need further 3D evaluation. Various studies in the past have described 3D evaluation of the palate in the second trimester. 14, 20, 21 The "reverse face" view described by Campbell et al 22 was the earliest described technique in 2005. Later, he highlighted the feasibility of evaluating the palate at 16 weeks and suggested working with 3D volumes in the axial view. 23 The premaxillary triangle in the diagnosis of CP had been described in 2006 by Suresh et al. 24 Wong et al 25 had reviewed 31 fetuses with a confirmed normal secondary palate using stored 3D sonographic volumes and concluded that the oblique axial, the oblique sagittal, and the reverse face view targeted at the uvula allowed visualization of the fetal secondary palate, especially in the second and third trimesters. A study by Gindes et al 26 reported a false-positive rate of 23% in 3D evaluation of the palate in axial views. In a retrospective study, Martinez-Ten et al 27, 28 reported palatine clefts in the first-trimester using analysis of stored 3D data sets but with quite high rates of false-positive results and indeterminate data sets. The visualization rate of the secondary palate at 12 to 16 weeks was only about 38.7% in a study by Zajicek et al. 29 In a recent retrospective study of stored midsagittal images at 11 to 13 weeks' gestation, Chaoui et al 30 described the maxillary gap with a false-positive rate of 7%. Observation of the maxillary gap is in accordance with the interrupted palatal line in the sagittal plane described in this article. Greater vomeral anteroposterior length has been documented in fetuses with palatine clefts, 31, 32 which leads to the vomer bone being imaged in the midline, mimicking the palate. Hence, parasagittal views are important in defining fetuses with median clefts (Table 3 ) and need to be combined with the retronasal triangle in the coronal view to optimize screening results.
The pitfalls of using only one plane for assessing palatine clefts are also highlighted in our study. Clefts involving the premaxilla alone can be missed if only the retronasal triangle is taken into consideration, and the clue is obtained from the sagittal view, which shows the premaxillary protrusion. The midsagittal view alone is misleading, as the vomer bone in the midline may be mistaken for an intact palate in a fetus with a median cleft. There were no false-positive results quoted in our study because 2D markers in all 3 planes were included. Although 1 case of a bifid uvula was missed, the study was quite sensitive in detecting clefts of the bony palate. The study targeted assessment of the bony landmarks of the palate, so abnormalities of the soft palate could not be accounted for; moreover, the uvula is not well developed at this period of gestation.
To our knowledge, this work is the first prospective study to describe a combination of 2D planes to assess the palate in the first trimester, and in all 14 cases, the suspicion of a palatine cleft was raised only after 2D sonography. The 2D examination done in our study including all 3 planes followed by 3D evaluation improved both sensitivity and specificity for detecting palatine clefts. However, the reproducibility of this technique has to be evaluated with large-scale prospective studies.
The advantages of evaluating the palate in the first trimester is that the act of swallowing in the fetus and fluid in the oral cavity are not necessary for its visualization ( Figure 2B ). 28 The palate is rather flat in early gestation, and there is less shadowing from the tongue and facial bones, which favors complete visualization of the bony secondary palate in multiplanar display. The midsagittal view is mandatorily done during the nuchal translucency scan, and a volume acquisition in this plane would take only a few more seconds. The palate becomes more curved in later gestation, and shadowing from the tongue and facial bones hinders palatal visualization in the second trimester. The difficulties quoted by previous studies for visualizing the palate in later Figure 12 . Rendered images of fetal faces in 14 cases outlined in Table 2 : 1 and 7, median CLP; 2, 3, 5, and 8, bilateral CLP; 4 and 6, isolated CP; 9-11 and 13, unilateral CLP; 12, atypical cleft; 14, Goldenhar-Gorlin syndrome.
gestation and the need for an angled insonation to avoid shadowing would virtually become nonexistent in the future if this 12-to 14-week period is used. 23, 33 Parents who have a child with isolated CLP or a known genetic syndrome with CLP are often very apprehensive in the subsequent pregnancy and should ideally have an evaluation at the 12-to 14-week scan, which aids in early reassurance of the couple. 34 The added advantage of early genetic sampling in this period makes first-trimester evaluation of the palate even more meaningful.
In conclusion, the 11-to 14-week scan has now paved the way for early detection of fetal anomalies. Screening for orofacial clefting in this period would open a new window of opportunities. The burden of orofacial clefting in developing countries is substantial, and earlier detection of palatine clefts in the first Figure 13 . Rendered images of fetal palates in the 14 cases outlined in Table 2 : 1 and 7, median CLP; 2, 3, 5, and 8, bilateral CLP; 4 and 6, isolated CP; 9-11 and 13, unilateral CLP; 12, atypical cleft; 14, Goldenhar-Gorlin syndrome. The type and extent of the cleft is clearly defined, as illustrated in the images. The central line seen is the vomer bone, indicative of a midline defect in the secondary palate in bilateral CLP involving the secondary palate (2, 3, and 5), median CLP (1 and 7), and isolated CLP (4 and 6; arrows point to defects). trimester would definitively improve the counseling options for the obstetrician and the couple early in gestation. Using 3D technology as a screening tool is difficult in the present scenario because of the lack of equipment and operator expertise in using this technology. This study focused on using basic 2D examination planes for assessing the palate, and the bony landmarks of the palate in the 3 planes can easily be incorporated during routine aneuploidy screening. We hope that large-scale prospective studies would confirm this observation, and sonologists involved in first-trimester aneuploidy screening would certainly assess the palate at the time of the nuchal translucency scan.
